Summary: Endogenous hormones are essential for physiological reactions and influence the adaptation to weightlifting training by modulating anabolic and catabolic processes. It seems that testosterone and cortisol are playing a key role in anabolic and catabolic processes in resistance training. Eight elite Czech and Slovak weightlifters volunteered in present study. The testosterone and cortisol were measured in 4 testing sessions over 18 weeks during preparation and competition period. The training protocol consisted of three specific weightlifting exercises. The saliva samples were collected in 4 testing sessions, pre and 5 min, 15 min and 30 min after protocol, respectively. The basal level of salivary testosterone and cortisol remains unchanged during preparation and competition period. Also, acute testosterone response was not observed over the monitored period. However, acute decrease of cortisol were found between pre intervention and post 5 (p ≤ 0.01), 15 (p ≤ 0.01), and 30 min (p ≤ 0.05) during preparation periods. While in competition period was found significant decrease (p ≤ 0.05) only 5 min after testing protocol. The testosterone/cortisol ratio significantly increased during preparation periods (p ≤ 0.01), but not in competition period. Results indicated that the routine assessment of testosterone and cortisol may provide an effective way to monitor acute and chronic adaptive response to weightlifting training. Our results suggest that cortisol, not the testosterone is an important component of adaptation during elite weightlifting training.
Introduction
The testosterone (T) as an androgen anabolic steroid which likely plays a key role in adaptation to training program has largely been attributed to a morphological mechanisms involving protein metabolism, resulting in strength gain (Tremblay et al. 2004 ) and also muscle and bone growth (Hoffman 2014 ). On the other hand, cortisol (C) is one of the most important stress hormones, the glucocorticoid class, mediating training adaptations, by decreasing protein synthesis and increasing protein breakdown (Viru & Viru 2004 ). Kraemer et al. (2004) suggest that monitoring of concentration of testosterone and cortisol can be used as parameter reflecting an athlete's response to training and competition. Relationship between testosterone and cortisol level (T/C ratio) has been associated with anabolic/catabolic status of athlete´s organism (Grandys et al. 2016 ). Also, the T/C ratio can be potential marker for determination of overtraining and recovery status of athletes (Hug et al. 2003 ).
Previous investigations found the influence of strength training program on testosterone and cortisol level in strength-trained subjects (Gotshalk et al. 1997 ; Kramer et al. Wang et al. (1981) found high correlation between salivary testosterone and serum total T and serum free T at the rest. Morgan et al. (2009) suggest that salivary measurements of testosterone, cortisol and T/C ratio can be used as a reference for their respective blood concentrations in resting conditions. The purpose of this study was to examine changes of salivary testosterone and cortisol level during preparation and competitive period of elite weightlifters. We hypothesized, that different basal level and acute responses of selected hormones will be observed over the preparation and competition period in weightlifting.
Methods

Subjects
Eight elite weightlifters (Czech Republic -4 and Slovak -4 National Team members) volunteered in present study. General characteristics of participants, age 26.56 ± 3.43 years, weight 94.76 ± 17.60 kg at the start of this study, average height of participants was 177.00 ± 7.05 cm. All participants had more than 8 years weightlifting training experience. The inclusion criteria for this study were sport performance expressed by Sinclair points scale (for evaluation criteria of sport performance without difference in bodyweight).
Participants had to have more than 350 Sinclair points.
Experimental design
All of the subjects went through four testing sessions over the 18-weeks of preparation and competition periods were monitored ( Figure 1 ). Saliva samples (~ 1 mL) were collected by passive drool before and after 5, 15, and 30 min training protocol, respectively. To avoid any confounding effects due to variations in circadian rhythm all testing sessions were performed at the same time of day. All testing sessions were completed in same time between 9:00 and 11:00 hours, with participants being awake for more than 90 min to account for an early morning rise in hormones, and without food and drink 60 min before sampling. During the each testing sessions consumption of one litre of pure water was allowed.
Salivary hormone assessment
The salivette with a plain cotton swab were used (Sarstedt, Nurmbrecht, Germany).
All samples were stored and subsequently refrigerated at -60°C for future analysis. The samples were analysed at Department of Physiology, Faculty of Medicine, Comenius
University in Bratislava. The salivary testosterone (pmol/L) and cortisol (nmol/L) concentrations were determined using commercially available ELISA kits (Salimetrics , State
College, PA, USA). Centrifugation for 2 min at 1000 g, without repeated thawing and refreezing, were preceded according to the recommendations (Salimetrics, State College, PA, USA).
Statistical analyses
Standard descriptive statistics were calculated for all measured parameters. Because of the low sample size, nonparametric statistics were used. The Wilcoxon T-test and Friedman test were used for statistical analyses. The criterion for significance was set at p ≤ 0.05 (*) and p ≤ 0.01 (**). Statistical analyses were completed in SPSS 20.
Results
In our study were investigated acute and basal changes of concentration of testosterone, cortisol and T/C ratio during accumulation, intensification and competition period. No significant differences were observed between monitored training periods in basal levels of monitored parameters. Also, in testosterone no significant changes were found in acute response to testing protocol in any times. 
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Figure 3 Changes in acute response of salivary testosterone before accumulation period (A), after accumulation period (B), after intensification period (C), competition period (D). Before (Pre), 5 min (Post 5), 15 min (Post 15) and 30 min (Post 30) after testing session. Values are presented as median
Figure 4 Changes in acute response of salivary cortisol before accumulation period (A), after accumulation period (B), after intensification period (C), after competition period (D)
.
Figure 5 Changes in acute response of T/C ratio before accumulation period (A), after accumulation period (B), after intensification period (C), after competition period (D). Before (Pre), 5 min (Post 5), 15 min (Post 15) and 30 min (Post 30) after testing session. Values are presented as median. * Significant difference p ≤ 0.05 and ** Significant difference p ≤ 0.01
Last monitored parameter was the T/C ratio. Before the accumulation period, significant increases of T/C ratio were observed between Pre to Post 5 and 15 min (p ≤ 0.01), respectively. In the next two time periods, after accumulation and intensification period, significant increase were registered between Pre to Post 5, 15 and 30 min (p ≤ 0.01), respectively. After competition period, no significant changes were found. No significant differences were found in Post testing comparisons in each monitored parameters.
Discussion
The present study aimed to compare the endocrine response of elite weightlifters during preparation and competition period. The main findings of our study are that no significant differences were observed in basal concentration of salivary testosterone and cortisol between monitored periods. However, the results indicated opposite tendency in testosterone and cortisol basal concentrations during selected periods. While concentration of testosterone had progressive character from preparation to competition period, cortisol concentration has decreasing trend. 
Conclusions
In summary, our results showed no changes in basal concentration of salivary testosterone and cortisol over the accumulation, intensification and competition periods in Olympic weightlifters. Acute decrease of cortisol concentration was found following each monitored period and the response was gradually reduced over the monitored period. Changes in acute response of T/C ratio over accumulation and intensification periods were caused by acute decrease of cortisol and no changes in acute response of testosterone.
The current trends in elite sport training are preferring the systematic approach to the monitoring of adaptation processes. Knowledge about adaptation responses across different physiological systems and levels represent significant instrument for performance improvements. Monitoring of acute and chronic hormonal response to the resistance training may be useful for effective training personalization of elite weightlifters.
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